iuretic therapy is a core element in the treatment of chronic heart failure (CHF) because diuretics relieve cardiac load by reducing water retention. Torasemide, a pyridine-sulfonylurea loop diuretic, is reportedly more effective than furosemide in CHF, reducing symptoms, admissions and other adverse cardiovascular events. 1, 2 In a recent report of the prospective TORIC study involving 1,377 CHF patients in Spain, use of torasemide was associated with a lower mortality than furosemide. 3 Both diuretics, torasemide and furosemide, exert similar renal effects, 4,5 which suggests that torasemide has beneficial effects other than diuresis in patients with CHF. However, it has not been determined whether torasemide, compared with furosemide, has a more beneficial effect on left ventricular (LV) function in patients with CHF.
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The renin -angiotensin -aldosterone (RAA) system affects myocardial fibrosis and plays an important role in LV remodeling. 6 Recently, it was reported that torasemide may block the RAA system, [7] [8] [9] [10] [11] and therefore, it might attenuate myocardial remodeling and improve LV function in patients with CHF. However, it has not been elucidated whether torasemide, compared with furosemide, has more beneficial effects on the RAA system in patients with CHF.
The aim of this study is to evaluate the effects of the crossover from furosemide to torasemide on LV function using 2-dimensional (D) and Doppler echocardiographic parameters, and on neurohumoral factors, including the plasma B-type natriuretic peptide (BNP) and aldosterone concentrations in patients with CHF already receiving an angiotensin-converting enzyme inhibitor (ACEI).
Methods

Subjects
This 6-month, open-label, parallel, crossover study involved 50 outpatients with chronic, stable, moderate CHF [New York Heart Association (NYHA) class II or III], LV end-diastolic diameter (LVDd) at least 60 mm and a LV ejection fraction (LVEF) of 45% or less despite more than 1 year of treatment with ACEI and 20 or 40 mg oral furosemide daily. The cause of heart failure was old myocardial infarction without current angina pectoris in 25, hypertensive heart disease with LV systolic dysfunction in 13, aortic valve insufficiency in 7, and idiopathic dilated cardiomyopathy in 5 patients. Patients with hyponatremia (serum Na <135 nmol/L), hypokalemia (serum potassium <3.5 nmol/L), renal insufficiency (serum creatinine >2.5 mg/dl), or more than mild mitral regurgitation by color Doppler echocardiography were excluded. Patients who were given spironolactone were also excluded. Clinical characteristics and baseline medications are shown in Table 1 . The background cardiovascular medications were withheld for at least 1 year for blockers and for at least 6 months for others, and they were maintained through the study period. Oral potassium chloride was discontinued when oral furosemide was crossed over to oral torasemide. All patients provided informed consent prior to participation, and the protocol was approved by the institutional Ethics Committee.
Study Protocol
Patients were enrolled in a 6-month, open-label, parallel study and were randomized either to continue on their current stable 20-40 mg/day dose of oral furosemide (group F: n=25) or changed to oral torasemide at a dose with compa- 
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rable diuretic efficacy at 4-8 mg/day (group T: n=25). 3, 4 Therefore, 11 group T patients who had taken furosemide at 20 mg/day received torasemide at 4 mg/day (group T-4) and 14 who had taken furosemide 40 mg/day received torasemide at 8 mg/day (group T-8), and 10 group F patients continued on furosemide at 20 mg/day (group F-20) and 15 continued on furosemide at 40 mg/day (group F-40). Outcome parameters examined before and after 6 months included (1) plasma BNP concentration, plasma active renin concentration (PARC), aldosterone and norepinephrine as well as serum potassium, (2) left atrial end-systolic diameter, LVDd, LVEF, LV mass index (LVMI) and inferior vena cava diameter, as well as Doppler filling parameters (peak E and A velocities, E/A ratio, E wave deceleration time or DcT and isovolemic relaxation time or IRT), (3) systolic and diastolic blood pressure (SBP, DBP), and pulse together with body weight, and (4) NYHA class.
Measurements
Blood samples were drawn by venipuncture after at least 30 min of rest with the patient in the supine position. Samples were placed immediately in a prechilled tube containing sodium EDTA and centrifuged at 3,000 rpm for 10 min. Plasma concentrations of BNP (Shionoria BNP Kit; Shionogi, Osaka, Japan), PARC ( 128 I Renin IRMA Daiichi; TFB Inc, Tokyo, Japan) and aldosterone (SPAC-S Aldosterone Kit; Dainabot Inc, Tokyo, Japan) were measured by radioimmunoassay using the commercial kits. The plasma norepinephrine concentration was measured by high-performance liquid chromatography. LVEF, LVDd, LVMI and inferior vena cava diameter were determined by 2-D echocardiography, 12, 13 and peak E and A velocities, E/A ratio, DcT and IRT were obtained by Doppler echocardiography. 14 The 2-D and Doppler echocardiographic values were calculated by at least 2 investigators as the mean of at least 3 consecutive beats for patients in sinus rhythm (n=29) and, except for peak E and A velocities and E/A ratio, at least 7 consecutive beats for patients in atrial fibrillation or flutter (n=21). The echocardiographic operators were unaware of the patient allocation.
Statistical Analysis
All results are expressed as mean ± standard deviation (SD). Comparison of baseline and post-study data were performed using the paired t test or Wilcoxon single-rank test as appropriate. Intergroup differences were compared using Student's t test. Dose-dependent effects of torasemide on LV functional parameters and neurohumoral factors were assessed by repeated measure analysis of variance (ANOVA) methods and Scheffe's F test. Linear regression analysis was used to test the correlation between continuous variables. A probability value less than 0.05 was regarded as statistically significant.
Results
Background characteristics and parameters were similar between groups F and T (Table 1 ) and between the subgroups F-20 and T-4, and F-40 and T-8 ( were no deaths or hospitalizations because of heart failure during the study. At 6 months, NYHA class, SBP and DBP, heart rate, grade of mitral regurgitation and body weight were unchanged in both groups.
Comparison of 2-D and Doppler Echocardiographic Parameters and Neurohumoral Factors
At baseline, E/A ratios were less than 0.5, and DcT and IRT were prolonged (>240 ms and >100 ms, respectively) in both groups, suggesting an 'abnormal relaxation' pattern (Table 3) . No patients had a 'pseudonormal' or a 'restrictive filling' pattern in transmitral flow at baseline. At 6 months, in group T, peak E velocity and E/A ratio were increased (p<0.001), and DcT (p<0.001) and IRT (p<0.005) were shortened. Additionally LVDd (p<0.005) and LVMI (p< 0.005) were reduced, the plasma BNP concentration was lowered (p<0.001), PARC was increased (p<0.001) and plasma aldosterone concentration was increased (p<0.001).
Other variables, including left atrial end-systolic dimension, LVEF, and inferior vena cava diameter did not change (Table 3) . None of these parameters changed in group F. Consequently, LVDd was smaller (p<0.05), LVMI was smaller (p<0.05), E/A was greater (p<0.05), PARC was higher (p<0.05), plasma aldosterone concentration was higher (p<0.05), and plasma BNP concentration was lower (p<0.05) in group T than in group F at 6 months.
Relationship Between Changes in Plasma Aldosterone Concentration and Changes in Doppler Echocardiographic Parameters and Changes in Plasma BNP Concentration
In group T, the increase in plasma aldosterone concentration correlated with the decreases in LVDd and LVMI (r=-0.52, p<0.01 and r=-0.53, p<0.01, respectively; Fig 1A,B) and the increases in peak E velocity and E/A ratio (r=0.48, p<0.05 and r=0.43, p<0.05, respectively; Fig 1C,D) , with the decreases in DcT (r=-0.49, p<0.05; Fig 1E) and plasma BNP concentration (r=-0.51, p<0.01; Fig 1F) , but not with the decrease in IRT (Fig 1G) .
Dose-Dependent Effects of Torasemide on 2-D and Doppler Echocardiographic Parameters and Neurohumoral Factors
Among the LV functional parameters and neurohumoral factors, DcT was shortened, and PARC and the plasma aldosterone concentration were increased in group T-4, but none of these parameters changed in group F-20. Consequently, PARC was higher in group T-4 than in group F-20 at 6 months (Table 4) . Similarly, both LVDd and LVMI were reduced, peak E velocity and the E/A ratio were Table 3 .
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increased, DcT and IRT were shortened, plasma BNP concentration was lowered, and PARC and plasma aldosterone concentration were increased in group T-8, but were unchanged in group F-20. Consequently, the LVMI was smaller, IRT shorter, plasma aldosterone concentration higher, and plasma BNP concentration lower in group T than in group F at 6 months (Table 5) . Among these parameters, there was a dose-dependent effect of torasemide on LVDd (p<0.05; Fig 2A) , LVMI (p< 0.05; Fig 2B) , peak E velocity (p<0.05; Fig 2C) , E/A ratio (p<0.05; Fig 2D) , DcT (p<0.001; Fig 2E) , IRT (p<0.001; Fig 2F) , and the plasma concentrations of BNP (p<0.001; Fig 3A) and aldosterone (p<0.001; Fig 3B) , with the greatest benefits from torasemide occurring in those patients treated with a higher dose.
Discussion
The present study demonstrates for the first time that treatment with oral torasemide improves LV diastolic function, LVDd and LVMI, as well as decreasing plasma BNP concentration in patients with CHF, to a greater extent than oral furosemide, and that the effects of torasemide are dose dependent. Although the improvements in these parameters were not so evident in the group treated with a lower dose of torasemide, we still suggest that torasemide is more beneficial in managing CHF as compared with furosemide.
LV diastolic dysfunction is common in patients with LV systolic heart failure and relates to cardiac symptoms and prognosis. [15] [16] [17] LV diastolic dysfunction is diagnosed as 'abnormal relaxation', 'restrictive filling' or 'pseudonormalization' based on the combination of Doppler transmitral flow velocities and IRT. 14 In the present study, the baseline E/A ratio was low, and DcT and IRT were prolonged, suggesting an 'abnormal relaxation' pattern. After the crossover in group T, E/A ratio, DcT and IRT tended toward a less 'abnormal relaxation' pattern, although these parameters did not completely normalize and the improvements in these parameters were not so evident in the group treated with a lower dose of torasemide, suggesting an improvement in LV diastolic function. The Doppler transmitral flow patterns depend on heart rate, pre-and afterload conditions, and the grade of mitral regurgitation. 18, 19 After the crossover in group T, the preload appeared to be constant because the inferior vena cava diameter, body weight, and left atrial end-systolic dimension did not change; the afterload also was constant because SBP did not change. Furthermore, the heart rate and grade of mitral regurgitation remained the same after the crossover. Consequently, the changes in the Doppler transmitral flow parameters were unlikely to be attributable to any of these causes, and the improvement in the Doppler transmitral flow pattern in group T represents an improvement in LV diastolic function itself. This argument is supported by the fact that the plasma BNP concentration decreased after the crossover in group T, although it did not completely normalize and the reduction in these parameters was not so evident in the group treated with a lower dose of torasemide, because plasma BNP concentration correlates with LV function, and with LV diastolic function in particular. The decrease in plasma BNP concentration observed in the present study was likely caused by a reduction in LV remodeling, and/or a decrease in LV filling pressure. [20] [21] [22] Aldosterone plays important role in regulating LV re- modeling. Myocardial fibrosis and/or LV mass increase are enhanced by the RAA system, which leads to myocardial remodeling and results in LV dysfunction in patients with CHF. 6, 23, 24 Although ACEI can reduce plasma aldosterone concentrations, the reduction is transient and the production of aldosterone is incompletely inhibited. 25, 26 This aldosterone escape phenomenon is supported by the Randomized Aldactone Evaluation Study (RALES), which showed that aldosterone antagonism with spironolactone reduces mortality in patients with severe CHF already receiving ACEI; 29 spironolactone can inhibit myocardial remodeling and improve LV function and exercise tolerance in CHF. 27, 28, 30, 31 Torasemide also blocks the aldosterone receptor in vitro, and has been shown in rats to inhibit aldosterone-receptor binding dose-dependently in tubular cells. 7, 8 Rats receiving a 7-day course of torasemide had a higher plasma aldosterone concentration, 32 and similar findings have been reported for spironolactone in humans. 27 Furosemide lacks these properties. 32 Furthermore, even though torasemide is a potent loop diuretic, it causes less hypokalemia than furosemide, 5 which is consistent with the contention that torasemide blocks aldosterone receptors. In the present study, although plasma aldosterone concentration was within normal range during the study, as in a previous report, 27 and the increase in plasma aldosterone concentration was not so evident in the group treated with a lower dose of torasemide, after the crossover in group T it was observed that PARC and plasma aldosterone concentration were increased after torasemide and the increase in plasma aldosterone concentration correlated inversely with the decrease in plasma BNP concentration and directly with the improvement in LVDd, LVMI and LV diastolic function, except for IRT. Furthermore, there was a dose-dependency of torasemide in the changes of LVDd, LVMI, LV diastolic function, PARC and plasma BNP and aldosterone concentrations in group T. Thus it is suggested that oral torasemide attenuates myocardial remodeling and improves LV function by blocking aldosterone receptors in patients with CHF. Serum potassium concentrations did not change during the present study, although oral potassium chloride was discontinued when oral furosemide was crossed over to oral torasemide: This result lends support to the aldosterone receptor blocking action of oral torasemide. Thus, the present results suggest the presence of the aldosterone escape phenomenon and LV reverse-remodeling after adding torasemide to the treatment of patients with CHF already receiving ACEI.
Study Limitations
Patients who were allocated to the torasemide group stopped their potassium supplementation. Because potassium affects aldosterone production, 33 the observed increase in the plasma aldosterone concentration may reflect mixed results of a potential decrease in endogenous aldosterone induced by a withdrawal of potassium supplementation and an actual increase via aldosterone receptor blockade by torasemide. To clarify this issue, further study is needed to assess the magnitude of aldosterone receptor blockade by torasemide alone.
It has been reported that torasemide inhibits aldosterone secretion by adrenal cells in vitro 10 and that aldosterone is produced and secreted by the failing ventricle in humans. 34 Consequently, oral torasemide may inhibit ventricular production and secretion of aldosterone locally, which could inhibit myocardial fibrosis. Further study is needed on this point. Furthermore, the present study did not measure the plasma concentration of procollagen type III aminoterminal peptide, which is a biochemical marker of LV fibrosis and remodeling in patients with CHF. 27, 29, 35 Therefore the present evidence that oral torasemide actually inhibits myocardial fibrosis is not unequivocal.
It has been reported that spironolactone may increase cardiac norepinephrine uptake and improve cardiac sympathetic activity in patients with CHF. 36 In the present study, the plasma norepinephrine concentration was unchanged after the crossover in group T, but it cannot be denied that torasemide may influence cardiac sympathetic activity in patients with CHF. Further study is needed to assess the effects of torasemide on cardiac sympathetic activity in patients with CHF.
Patients in this study had an 'abnormal relaxation' pattern, as reflected in the transmitral flow parameters. We did not determine whether oral torasemide improves LV function in patients with a either a 'restrictive filling' or 'pseudonormalization' pattern. Also, the present study was an open-label, observational study involving a relatively small number of patients. Furthermore, previous reports have not clarified whether the effects of torasemide differ in CHF patients with different etiologies and of varying degrees of severity. [1] [2] [3] 5 Therefore, a large-scale, randomized study involving a variety of types of diastolic dysfunction with different etiologies and of varying degrees of severity is needed to unequivocally establish the myocardial protective effects of oral torasemide and to assess which subgroup shows a favorable response to torasemide.
Conclusions
The results of the present study suggest that changing from oral furosemide to oral torasemide improves LV diastolic function and decreases the plasma BNP concentration in patients with CHF already receiving ACEI. The mechanism of action may be related to a dose-dependent blockade of aldosterone receptors by torasemide.
